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HIGH-TEMPERATURE HIGH-PRESSURE X-RAY DIFFRACTION:
kREC NT DEVELOPMENTS*

D. Schiferl, S. W. Johneon, and A, S. Zinn**
LAMAlamoe National Laboratory

La Alamoa, New Mexico 87545 USA

ABSTRACT

We have developed two Merrill-Batt diamond-anvil cello for specialised high-
temperatura -. The fhut u constructed largely of rhenium to provide uniform,
constant P and T on the order of 20 GPa at 1200 K for extended ermds. The second
i~ for ringle-crystal x-ray diffraction, but can be heated to 630 J’ at 20 GPa to grow
eingl+cryotal aampla which cannot be rcxluced at room temperature. With this

\cell, the crystal structure of C-02 waa s own to be monoclinic with a = 3.649 A,
b = 5.493 A, C = 7.701 A, and /9 -116.11° at 19,7 GPa.
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INTRODUCTION

For eoverd years, we hsve d resistively-heated diamond-anvil cells DACS) for
!zx-r-y diffraction and Raman ~pectrmcopy (Schiferl et al., 1986, 1987; inn et al.,

1986). While we have reacld temperature as hi h u 1800 K, mcmt of our most
f~ent developments have involved improvement or lower temperature work. In

this paper w d=ribe two of the developments: the construction of a Merrill-
Bmtt (1974) DAC made rncdy of pure rhenium; and the une of high-temperature
technology to eolve the C-OS structure.

RHENIUM DIAMOND-ANVIL CELL

We hav. recmtly built ● Merrill-Brett (1974) DAC lU gely of rhenium in order to
maintain cmuh.nt f, T conditions on tho order of 20 GPa ●t 1~ K for many houra
●t * time. BacaIAcethe entire ceil u heakl h a uniform timporature in ● vacuum
oven, thermoco uplm cm be d to determine temperature to &tter than +10 K.
Once the therrnocoupl* calibration haa been checked, the -ample temperature can
actually be trusted to this accurac .

JThe b~ic dwi~n of thae DA s ia described by Zinn et al, 1986, and tho only
rubtantid chun~e u in th. mcterials ud for tha various parta, &clho mrnond-anvila
rcmt on mats which are mulo of tungsten carbide or boron carbide. The mt of the
Ioachbearing parts are rhenium. The device Laquite expensive, primarily becauss
the machining is so dillicult.

Once constructed, the rhenium DAC proved to be oim~le and reliable to use,
A puticulsrly convement feature is the fact that th. rhemum bolts turn well in
the mating internally .threaded rhenium piecee, .v.n after coolin from the higheet

ftemperature, We have found thut rhenium bolts turn more free y than any others
/for cello mado rom Inconel 718, Udim.t 7W, ●nd MoRa, ae well.)

* This work WUJmpported by the US Deputment of Energy,
** Pr~nt addrae: Department of Chemistry, University of California, Betrkeley,

CA, USA



C-O1 STRUCTURE

Ever since itn discovery Nicol et al., 1979) a dwxde ago, ~-Oa hu proved to be
\an especially intriguing p -. The mcd apparent feature in that the color of the

crystde changaa dramatically with orientation, appearing ckr and colorlm, amber
or dark rust red. Optical absorption spxtra (Sy=n and Nicol, 1981; Nicol and
Sytuaen, 1983), M well w infrard and Rarnan spectra (Agnew et al., 1987 , suggest

1the presence of strong intermoledar forma between parallel 02 molmu es in the
C-ptwe.

Calculation of the elmtronic structure and bonding properti~ rquirea knowl-
edge of the cryotal structure of c-02. Olinger et al. (1984) did extensive powder
diffraction ntudies on oxygen from 6 to 13 GPa, but were unable to solve the c-
02 otructure from their patterna, which contained up to seven Iina. Deogreniera
et al. (1988) obtained nine diffraction lin- using energ -din crsive powder AifFrac-

[[tion with synchrotrons radiation, but were unable to ao ve t e structure. They did
show that the diffraction pattern remained unchanged betwmn 10 and 61 G Pa, in-
dicating no further structural transitions.

Single-crystal diffraction ctudia on C-O1 are
%

uimd to mlve its structure,
Unfortunahly, no -ingh+cryatal s.ampla of c-Oi suits lo for x-ray di~raction have
ever bmn ~rown by p=unsing at room temperature, The intermediate P-6 and
6-c transitlona are both destructive, the latter particularly so because it is accom-
plished by a large volume change. Yen and Nicol (1987) showed tlmi a crystal of
c-Oa can be grown directly from the melt above the B-c-fluid triple point at 645 K
and 16.3 GPa, or produced by -train annealing clcm to the meltmg curve.

We conatructi ● Merrill-B~tt 1974) DAC which achieved 20 GPa at 6S0 K
and which is suitable for oingl-c ot

x
E! x-ray diffraction at room temperbtura. A

temperaturecompensated daign
!l

hiferl, 1987) was used 00 that cooling would not
cause pressure chmges and thus eatroy the singleaystal sample. The triangular

E
reasurising plata and bolts were both mad. from hemt-treated Inconel 718. The
acking plata were Kawacki-Berylco HIP-LO beryllium with the preferred orienta-

tion carefull controlled to provide maximum strength under the diamond anvlis

h
!Schiferl, 19 9), The diamond anvils were ●ach about 1/4 carat with a culet-tip

iarneter of 0,4 mm. The gssket was Inconel 718, preprti to 60pm thickness
with s hole dimwter of 1(NIpm.

The diarnond+nvil cell wu then placed in ● vacuum oven (Zkm et al. 1986),
The pr-ure wu raised to 19.6 CJPa and the sarnpl. W- strain annealed by keating
to 630 K,, followed by kw cooling to room tempratum, During tho .ntiro hoati~g
and coohng cycle, th. p-ure remained betwosn 19,2 and 19.9 GPa.

After c~lin6, ●xarn.hmtion of tho samplo under cr--polariaors rov.alod nine
crystals with four showing no detectable strun, The colors of the different cryctals
indicat-d tlmt thy had ● wid. rango of’orientations. Thuo, ● complotc compcmite
data set could be coil-ted.

Grsphita monochromatised Mo K-al ha radiation wsa produced with ● Rigaku
frotating anode enerator, and ● Picker our-circle diffractometer wu used to col-

kct the data, h elktions were th.n sorted according to the crystal from which
each origin atocl. A complete reciprocal lattice wu constructed, At 19.7 G Pa the
otructure of C-02 proved to be monoclinic with lattice conmtants a = 3.649 A,
b = 6.493 A, C = 7,701 A, /9 = 116.11° and ei ht molecula per unit COII(Johnson
et ali, 1989), Singkcr stal sarnplcs of sew

J
a! other subatanca, ouch as tho new

N~-02 SIICVS(Baer an Nicol, 1989, u well u Sb(II), Bi’11 , and Bi(III), can be
11 dgrown ●t temporatura WOIIwithin t e capability of this DA ,
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